Objectives: This study aims to evaluate the effect of kinesiotaping implementation on pain and functional status in patellofemoral pain syndrome (PFPS).
Patellofemoral pain syndrome (PFPS) is a syndrome characterized by the pain in the anterior knee. [1, 2] It is the most frequent disease of the knee in early childhood. There are many etiological factors and there is no a certain algorithm in the treatment. [1, 3, 4] Disorders in the extensor mechanism of the knee are considered as the most important factors for the PFAS. [1, 3, 4] Musculus vastus medialis obliquus (VMO) and vastus lateralis are the most important dynamic forces having an effect on patella at the last 30 degrees of the knee extension. During the extensional motion of the knee, VMO is contracted before musculus vastus lateralis which preactivates the medial force vectors, thus, preventing the lateral patellar dislocation. [4] [5] [6] Delay in the VMO activity and decrease in the muscle strength cause a decrease in the medial patellar stability, a balance disorder in the force vector affecting the patella and lateral movement of the patella, and also an increase in the joint pressure on the lateral facet. Therefore, this causes PFPS by changing the patellofemoral contact area and contact pressure. [1, 4, 7] The goal of the treatment of PFPS is to recover the patellofemoral joint biomechanics and to increase the quadriceps muscle strength by decreasing the patellofemoral joint reaction and stress. [2, 4, 6, 7] Conservative methods are often used in the treatment of PFPS. However, there is no consensus on the most optimal treatment approach. Physiotherapy modalities, strengthening and stretching exercises for the muscles around the knee, balance-coordination exercises, electromyography (EMG) biofeedback, patellar brace, patellar taping, and feet orthotics are the treatment methods in use currently. [3, 8, 9] There are strong evidences demonstrating the effectiveness of the quadriceps exercises, although there is a limited number of evidences showing the effectiveness of the other treatment methods. [8] In several studies on the effects of the kinesiotaping on different musculoskeletal disorders, kinesiological taping has been found to strengthen the muscles around the joints, increase the joint stability, ease the joint mobility, decrease the tension in the muscles, ligaments and tendons, and increase the proprioception. [10] [11] [12] [13] [14] [15] In addition, there are controversial results of previous studies on the effectiveness of the kinesiotaping for PFPS. [3] While some authors claim an increase in the muscle strength and proprioception, [16, 17] others suggest no changes in the muscle strength and proprioception, despite the alleviation in the pain [18] [19] [20] and there are very few researches on the effect of the kinesiotaping for the daily living activities in the patients having PFPS. [18, 21] In the present study, we aimed to investigate the contribution of the kinesiotaping application to the exercise treatment in PFPS in terms of pain and daily living activities.
PATIENTS AND METHODS
This prospective, single-center, randomizedcontrolled, parallel-group study included a total of 75 knees of 43 patients (20 males, 23 females; mean age 33.8±7.9 years; range 20 to 50 years) who were admitted to the Department of Physical Medicine and Rehabilitation for anterior knee pain and who were diagnosed with PFPS [22] between January 2014 and July 2014. Inclusion criteria were as follows: being within the age range of 20 to 50 years, having no limitation in the range of motion of the knee joint, having anterior or retropatellar knee pain in at least two activities (i.e., going down the stairs, climbing up the stairs, squatting, running, jumping, sitting for a long time while the knees are at 90° flexion), and having earlyonset anterior knee pain for at least the last six months. Exclusion criteria were as follows: history of knee trauma, prior knee operation (excluding arthroscopy), meniscopathy or lesion in the knee ligaments, previous effusion and arthritis of the knee, patellar subluxation or dislocation, limited range of motion of the ankle or the knee, and neuromuscular diseases (upper and lower motor neuron lesions).
The study was approved by the Local Ethics Committee (No: 2013-22-26/02). All patients were informed in detail about the study and a written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
A total of 75 knees from 43 patients were divided into three treatment groups. The participants were randomly assigned following simple randomization procedures (computerized random numbers) to one of three treatment groups. Group 1 (25 knees) were treated with kinesiotaping and exercise, Group 2 (25 knees) were treated with sham taping + and exercise, and Group 3 (25 knees) were treated with exercise alone.
The Visual Analog Scale (VAS) was used to assess the pain severity. The patients were asked to mark their pain levels on a 100-mm ruler (0=no pain, 100=highest level pain).
The Kujala Patellofemoral Scale (KPS) was used to determine the effect of the knee pain on the patients' daily living activities. [23, 24] It is a 13-item questionnaire through which difficulties and pains during an activity is assessed. Total score ranges from 0 to 100. 100 refer to a normal, painless and fully functional knee, while 0 indicates serious knee pain and dysfunction.
The VAS and KPS assessments for all the patients were made at baseline, then at the end of the treatment (week 6) and at the end of week 12.
Treatment protocols
All three groups were given the same exercise program during six weeks. Taping was applied twice a week, 12 times in total during treatment period of six weeks.
Stretching (quadriceps, hamstring, gastrocnemius and iliotibial band) and strengthening (quadriceps, gluteus medius) exercises were applied during six weeks as two times a week (12 sessions) in the clinic by the supervision of a physiotherapist. The patients were informed and encouraged about the daily exercises at home on the other days. Exercises were done in three sets with 10 times repetition.
Kinesiotape applications were performed according to the method established by the Kinesio Taping Association International. [15] 5 cm width Kinesio® Tex tapes were used for taping. All the taping processes were performed by a specialist.
Kinesiotaping was applied to Group 1 with vastus medialis obliquus facilitation and patellar functional correction ( Figure 1 ). [15] In the VMO facilitation, the interval between the superior anterior iliac spine and patella midpoint, while the patients were supine position was measured. The length of the tape was taken as the half of this interval. A 2-inch I strip of Kinesio® Tex Tape split to a Y. Tails of the Y strip prepared were considered as ½ of the tape length. The first part of the tape, which is called "base", was applied without strain on the VMO body and lateral "Y" tail applied along the pes anserinus and ended on tibia, while on the knee extension. The patient was, then, asked to move his/her knee to full flexion. The medial "Y" tail was applied along the medial side of the patella and ended at the lower end of the patella. The rest excluding the first and last 5 cm of the tape was applied with 50% tension (Figure 1 ).
For the patellar taping, the tape length was measured as starting from the capitulum fibulae and ending on the medial border of patella. Tails of the "Y" tape were prepared as one-third of the total length. The base part of the tape was applied starting from the capitulum fibulae and toward the medial.
The knee was brought to full flexion for "Y" tails and the upper tail was applied in a way the upper to surround the upper patella and the lower tail to surround the lower patella. The rest excluding the first and the last 5 cm of the tape was applied with 75% tension (Figure 1 ).
Sham taping application was planned for the Group 2. The interval between the superior anterior iliac protrusion and patella midpoint was measured for VMO. The length of the tape was measured as one-third of this interval. The "I" shape tape was applied starting from the VMO midpoint and toward the patella (Figure 2 ).
For patella, the tape length was measured in a way to start from capitulum fibulae and ending patella midpoint. The "Y" tapes were prepared in a way to be one-third of the total length. The base of tape was applied starting from the capitulum fibula and toward the medial. The knee was brought to full flexion and "Y" tapes were applied with no tension by driving the upper tail of the tape toward the upper patella, and the lower tail of the tape toward the lower patella ( Figure 2 ).
Statistical analysis
The Cohen's d effect size was used to obtain the power of study. According to the power analysis, 66 patients were required (p=0.05, power=0.80, effect size=0.40). Statistical analysis was performed using the PASW version 19.0 software (SPSS Inc., Chicago, IL, USA). Continuous variables were expressed in mean ± standard deviation (SD), and median (min-max) values. Categorical variables were expressed in frequency and percentage. Normality of the continuous variables was analyzed with the Shapiro-Wilk test. One-way analysis of variance (ANOVA) was performed for the inter-group comparisons of the normally distributed variables, while the Kruskal-Wallis test was used for the inter-group comparisons of the abnormally distributed variables. For non-parametric data, the Friedman test was used to evaluate the significant difference in the VAS and KPS scores at the predefined time points . The Nemenyi test was used for pairwise comparisons. The Pearson's chi-square test was used to compare categorical variables among the groups. A p value of less than 0.5 was considered statistically significant.
RESULTS
A total of 60 patients who were admitted to the Department of Physical Medicine and Rehabilitation for the anterior knee pain and diagnosed with PFPS were screened and the study included a total of 43 patients (75 knees).
Of the patients, 53.5% were females and 46.5% were males. Demographic characteristics are shown in Table 1 . There were no statistically significant differences between the three groups in terms of age, sex, height, weight, and Body Mass Index (p>0.05, for all).
Duration of pain was found to be 12 (range, 6 to 72) months for Group 1, seven (range, 6 to 12) months for Group 2, and eight (range, 6 to 24) months for Group 3. Pain duration of Group 1 was found to be longer than Group 2 and Group 3 (p=0.003 and p=0.008, respectively). However, there was no significant difference in the pain duration between Group 2 and Group 3 (p=1.000). There was no statistically significant difference in the VAS and KPS values before the treatment of the groups among the groups (p=0.726 and p=0.587, respectively) ( Table 2 ). In addition, no statistically significant changes were found in the VAS and KPS scores of the groups at Week 6 and 12 (Table 3 ).
According to the Friedman test results, there was a statistically significant difference in the VAS scores of each group at different time points (p=0.001, p=0.001, and p=0.001, respectively) ( Figure 3 ). Similar to the VAS scores, there was a statistically significant difference in the KPS scores of each group at different time points (p=0.001, p=0.001, and p=0.001, respectively). The mean changes in the VAS and KPS scores are shown in Table 4 , Figure 4 .
DISCUSSION
Musculus vastus medialis obliquus contracts earlier than M. vastus lateralis during the extension motion of the knee. Neptune et al. [25] reported that delay in the VMO timing caused an increase in the lateral PFE load. In the light of these data, we considered that facilitating the VMO muscle would both reduce the pain and improve the activities. Therefore, we applied kinesiotaping on the VMO muscle in our study. We also included exercises regarding strengthening this muscle in the exercise program. We found significant improvements for all the groups in both pain scores and in the KPS, in which daily activities such as going down and up the stairs and squatting were assessed. We planned this study based on the hypothesis that the tape application alongside with the exercises would create a better response; however, we were unable to show any statistically significant differences among the groups.
Pain is the main symptom in PFPS. A histological study has demonstrated that patellar retinaculum, patellar, and quadriceps tendons, synovium, fat pad, and subchondral bone contain nerve fibers which may cause pain in PFPS. [4] It has been shown in many studies that conservative treatment methods used for PFPS treatment are effective in reducing pain. [8, 26, 27] Kinesiotaping is also a frequently used method for PFPS treatment in recent years. Studies carried out by Campolo et al., [28] Lan et al., [29] and Akbaş et al. [18] showed that kinesiotaping for PFPS reduced pain. Freedman et al. [30] also reported that kinesiotaping on the patients having PFPS reduced pain and increased the jumping distance on one foot. Kuru et al. [21] studied the effectiveness of the electrical stimulation and kinesiotaping onto the VMO for PFPS. The authors observed decrease in the pain and improvement in the KPS for both the kinesiotaping group and the electrical stimulation group after a six weeks long treatment. In another study, it was reported that kinesiotaping by pain control was able to allow the patients to do quadriceps exercises without any pain. [27] In our study, pain was statistically significantly reduced in all three groups and this improvement also sustained at week 12.
The KPS has been developed to assess the subjective symptoms and the functional limitations in the patellofemoral disorders. [23] Patellofemoral pain syndrome limites the activities through which patellofemoral joint is loaded (i.e., walking, running, squatting). These activities are assessed in the KPS, which is a specific scale for PFPS including 13 questions in different categories related to different levels of the knee functions. Watson [31] found the KPS highly reliable as well as steady response to the clinical changes in his study including 30 patients. [31] Kuru et al. [24] carried out a study on the validity and reliability of the KPS in PFPS for Turkish and internal consistency of the Kujala patellofemoral scoring translated into Turkish was found to be adequate and it was shown to be highly reliable with the test-retest method. We used VAS for the assessment of the pain, and KPS for the assessment of the daily living activities.
The facilitation of quadriceps muscle has been the main objective in almost all the studies on the effectiveness of the kinesiotaping for PFPS, and patellar correction has been made in some of those studies. The variety of methods has been used for the treatments on quadriceps muscle including kinesiotaping. [18, 19, 21, 28, 32, 33] Kinesiotaping application, apart from the quadriceps muscle, has also been performed on gluteal muscles, femur and iliotibial band and their effects on PFPS treatment has been investigated. In a study carried out by Miller et al., [34] the effectiveness of lateral gluteal kinesiotaping and lumbopelvic manipulation in PFPS treatment was assessed. In the aforementioned study, in which 18 patients were involved, the patients were randomized into three groups (kinesiotaping, manipulation, and control groups). The patients were assessed via the Y-balance test, motion range of the knee joint during squatting, and the Lower Extremity Functional Scale. Both lateral gluteal kinesiotaping and the lumbopelvic manipulation were found to be effective and no statistically significant differences were found between them. In a study, Song et al. [35] found that femoral rotational taping had an effect on pain, lower extremity motion and muscle activity for the patients with PFPS. The fact that taping applications used in previous studies are not standardized, leading to insufficient evidences to show the effects in the systematic reviews. [3, 8, 27] It is one of the argumentative topics in the literature that sham taping applications may also be effective in kinesiotaping studies. [20, 36] In a study carried out by Christou, [16] effectiveness of placebo taping and effectiveness of kinesiotaping on 15 patients having PFPS and 20 healthy individuals were compared. [16] While both placebo taping and kinesiotaping were found to have reduced the pain for the patients having PFPS, it was also found out that vastus medialis EMG activity increased without an increase in the muscle strength and vastus lateralis activity decreased. The authors, therefore, suggested that the effect might have been present through sensory change on the patellofemoral ligament rather than medialized patella. There are studies supporting this view and suggesting that kinesiotaping becomes effective by increasing the proprioceptive entry or neuromuscular control. [27, 37] In the case of our study, applying sham taping along the long axis of the VMO muscle might have had a nociceptive activator effect, although the length of the tape was short. Thus, taking this nociceptive effect into account in determining the sham kinesiotaping application may be useful for the future researches.
Total numbers of the patients in the studies on the effects of the patellar taping application have been often low as in our study. Involving both knees for some patients may have had an effect on the results of our study, and this may be accepted as the blind side of our study. Although the effect of treatment on physical activity was compared using the KPS, the physical activity levels of the patients were not questioned in detail. This can be considered as another weakness of this study. Besides, inclusion of all the patients in the exercise program may have resulted in the lack of difference among the groups, as the treatment methods which affect PFPS are proven are particularly the quadriceps exercises. It has been most particularly emphasized that vastus medialis must be strengthen and supported in the treatment of the disease. [4] In a systematic review by Bolgla and Boling, [8] exercise was found to be the most effective method in the conservative treatment of PFPS. It was also reported that other applications such as patellar taping, patellar brace, knee brace and foot orthotics were singly less effective, compared to the exercise. [8] In conclusion, the addition of the kinesiotaping application to the exercise treatment for PFPS seems to be ineffective on pain control and improved daily life activities. However, further large-scale studies using standardized taping methods are needed to establish a definite conclusion.
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